Abstract. The extraordinary progresses in the design and realization of structures in inorganic or organic thin films, whether or not including nanoparticles, make it possible to develop devices with very specific properties. Mastering the links between the macroscopic optical properties and the optogeometrical parameters of these heterogeneous layers is thus a crucial issue. We propose to present the tools used to characterize and to model thin film layers, from an optical point of view, highlighting the interest of coupling both experimental and simulation studies for improving our knowledge on the optical response of the structure. Different examples of studies are presented on copper indium gallium selenide, perovskite, P3HT:ZnO, PC70BM, organic layer containing metallic nanoparticles, and colored solar cells.
Specific tools for studying the optical response of heterogeneous thin film layers 
Introduction
The complexity of the interaction between light and heterogeneous matter highlights the importance of knowing the optical and electronical properties of the material, in order to be able to design the optical responses. 1 We would like to be able to do this, however, it is not so easy. The understanding of the links between the macroscopic optical properties (refractive index and extinction coefficient), optogeometrical parameters of the heterogeneous layers, and their optical responses concerns various applications in the optical range of wavelengths (control of the emissivity of the surfaces, modeling of active imaging techniques, the realization of new types of absorbers in thin film form working in the visible and infrared bands, and refractive index gradient nanofilms). Areas of interest are numerous, such as thermal solar and photovoltaic (selective absorbers, antireflective, rough transparent conductive oxides, etc. . . ), and more generally, optoelectronics (special optical coatings, more sensitive photodetectors, etc. . . ). And the possibility of realizing thin films in the form of complex structures, comprising, for example, nanoparticles, or offering photonic patterns, allows to design a new optical behavior of a material.
The investigations for mastering the light behavior in a layer not only led researchers to use different photonic concepts but also to look for new materials with specific properties, such as mechanical flexibility, low specific weight, color, or transparency.
The architecture of thin films can be relatively complex and requires a thorough understanding of the materials' behavior, involving accurate knowledge of the electrical, optical, and structural properties of the materials that compose the layers. The use of both experimental and simulation optical tools are then required in order to improve the optical design of the thin film. This approach of coupling characterization and modeling provides a correct prediction and validation of device performance. This work, which is directly related to the fields of photonics, also involves knowledge in other parts of physics (e.g., solid-state, electronics).
In this paper, we will first briefly describe the phenomena of light-matter interaction, which can occur in thin films. Then we will present different devices, which are under study in our laboratory, i.e., thin film solar cells and heterogeneous thin films made of nanoparticles embedded in a polymer host matrix. After giving some details about both of these structures and their basic properties, we will focus our attention on the means used to measure and to model the optical properties of these thin films. The optical properties of each material are of great importance on the final performance of the device and are based on a comprehensive set of very precise measurements. However, this is not enough, and models are needed to define the final optical parameters of new materials.
2 Light-Matter Interaction
Materials, Thin Film Layers
First, we mention that in this paper, we focus our study on wavelengths between 200 nm and 5 μm, which is the range of the electromagnetic spectrum of interest. We consider either metallic, semiconductor, or even dielectric materials in thin film form at micrometric or nanometric scales.
The interaction between light and matter is strongly linked to both the structure of the matter and of the light wavelength. The composition of the matter greatly influences the propagation of electromagnetic waves, and especially the optical constants (refractive index n and extinction coefficient k). When an electromagnetic radiation reaches the surface of a layer, different physical mechanisms are involved (see Fig. 1 ). A portion of the light may optionally pass through the medium if it is sufficiently transparent. Another part will be reflected back in the incident medium, and finally, a part of the light may propagate within the material. In this latter case, the light may be either scattered or absorbed, depending on both the structure and the optical properties of the material. Typically, a conductive medium (metal) exhibits absorption and also leads to a strong reflection. A dielectric medium on the other hand will, in its transparency region, allow the propagation of the light wave over long distances. And in the case of a semiconductor, depending on its energy bandgap, the light will be absorbed or not. We also have to mention the possibility of emission of photons and the phenomena of luminescence of matter due to radiative relaxation.
We also have to point out that the ratio between the wavelength and the dimension of the layer influences the "physics" used for explaining the optical waves' behavior. 2 In optics, we are used to comparing the critical dimension with the diffraction limit in free-space propagation, i.e., when it is smaller than the wavelength of light. Indeed, in the case of quantum structures with typical sizes of a few nanometers, classical physics is in default. In this paper, we still consider, in most cases, material dimensions close to the wavelength or smaller than λ∕10. For the study of nanoparticles, we will use the effective medium approximation (EMA).
Photonic Structures, Nanoparticles and Light Management
Several approaches or new structures can be used in optoelectronic devices in order to improve their performances. Different routes are possible: the first is to minimize reflection at the airmaterial interface with antireflective coatings, such as thin film layers or structured surfaces (see Fig. 2 ; Refs. [3] [4] [5] . The second is based on the engineering of the electromagnetic field to control its distribution in the thickness of a stack of thin films. 6 To go further, we can appeal to more innovative optical concepts, based on photonic crystals, which are structures whose refractive index varies periodically in one or more dimensions of space in order to control and modify the propagation characteristics of a light wave. Photonic crystals are used to increase light absorption in thin film solar cells. 7 Another alternative to increase the absorption of the photons in an active layer is to use plasma resonance of electrons at a metal/dielectric interface, which can be excited by the incident light beam. This field is known as plasmonics. The inclusion of metal nanoparticles in a layer allows to couple localized plasmon resonances and thus to change the optical response of the thin film. 8 In this context, new concepts or new architectures for solar cells are more and more in use nowadays, due to the aim of the photovoltaic technology, which promotes good efficiency at low cost. Associated with the low-cost fabrication process, thin film solar cells are good candidates to respond to this objective. However, to reach good efficiency, we need to use different photonic concepts together .
We will show that the control of the light inside the cell is of great interest for the development of third generation solar cells made of thin film layers. This is not only for increasing the efficiency but also to design a new kind of solar cells, such as transparent and colored solar cells, interesting for the building integrated photovoltaic. In thin film solar cells, the apparent color and transparency is given by its reflected and transmitted spectra. We discuss light management, such as the use of Bragg mirrors, of diffraction gratings, of the surface plasmonic effect, or of a photonic crystal to optimize the cell performances while controlling their reflected and transmitted spectra and by taking into account the human eye sensitivity.
We also work on organic thin films containing metallic nanoparticles, which are interesting for different applications, including thin film solar cells. 9 Our aim in this study is to precisely define the influence of these nano-objects, embedded in an organic matrix, on the optical response of a thin film. 
Thin Film Solar Cells
Nowadays, there exist various photovoltaic solar cell technologies, which are usually sorted into three generations. 10 The first one is based on silicon material and relies on the PN junction made with this semiconductor. The maturity of this technology and the good module efficiency (over 20%) make the silicon PV a market leader (90%). However, PV specifications involve thinking about other technologies. Indeed, the reduction of the raw material, improving performance, adaptation to a specific market (flexible, color, etc.) are parameters that are difficult to reach with silicon technology.
The second and the third generations of photovoltaic try to overcome certain limitations of the first generation. Among all the technologies of these generations, we focus our work on thin film solar cells, using inorganic or organic semiconductor materials with high absorption coefficients. The inorganic materials used are copper indium gallium selenide (CIGS), copper zinc tin sulfide (CZTS), perovskite, etc. CIGS and CZTS photovoltaic devices are polycrystalline thin films. These cells consist of stacks of thin layers of different materials. Depending on the stoichiometry of the chalcopyrite, the bandgap ranges from 1.04 to 1.68 eV for CIGS solar cells and from 1.0 to 1.5 eV for kesterite solar cells. These values are in the range of energy that allows high solar-energy conversion.
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The organic semiconductor materials present significant opportunities for the production of organic solar cells (OSCs) for various reasons: their easy manufacturing process enables largescale production at low cost (roll-to-roll and ink jet techniques); they are easy to integrate (flexible substrate); the organic aspect offers a variety of structures (polymers, small molecules), and functionality (separate adjustment of the bandgap). If the organic materials have the advantage of having strong absorption coefficients (more than 10 5 cm −1 ), the low mobility of the charge carriers (10 −6 to 100 cm 2 V −1 s −1 ) limits the thicknesses of the films from 100 to 200 nm, that is to say at much lower values than the 400 or 500 nm required to absorb a major portion of the solar spectrum. It is, therefore, necessary to increase the interaction between the incident light and the photoactive layer. Moreover, the exciton diffusion lengths do not exceed 10 or 20 nm in the majority of organic materials; so this is the maximum distance that can be tolerated between two donor-acceptor material interfaces. In summary, all these dimensional constraints require that the optimal structure of the active layer of an OSC has to be an interpenetrated structure type [namely bulk heterojunction (BHJ)]. 12 In the last years, the perovskite solar cell technology has attracted a lot of attention. The structure of the organometal halide perovskites is of ABX3 (A ¼ alkyl − NH3, B ¼ Pb or Sn, X ¼ I; Cl, or Br). Due to these special properties, such as very strong absorption and a tunable bandgap (from 1.57 eV up to 2.3 eV covering the visible spectrum up to the near-infrared) by modifying the chemical composition (e.g., alloying iodine with bromine for the X-site composition), this hybrid material is very promising for the field of photovoltaics. 13 Figure 3 presents the typical structure of the thin film solar cells described above that are under study in this work. We have to notice that the whole thickness of each stack is ranging from hundreds of nanometers (organic and perovskite) to a few micrometers (CIGS and CZTS). All of these cells have also the possibility to be made on flexible substrates.
Organic Thin Films with Nanoparticles
The rapid progress in nanotechnology in the last years allowed the realization of well-controlled nanostructures with specific properties more varied than those of bulk materials. Structured materials at the nanometer scale are used in optoelectronic applications because their optical and electrical properties can be controlled by changing their nature, composition, or their geometry. At such a scale of a few nanometers, the electron confinement effects change with the spatial dimensions. Technological applications based on nanostructures are numerous. The most affected areas are opto-and nanoelectronics, biotechnology, and aerospace for which the mechanical properties of nanocomposites are interesting. Here, we present some work done on metallic nanoparticles for optoelectronic applications. These nanostructures are enclosed in a polymer host matrix. The nanoparticles in transparent polymer thin films are assumed to result in transparent layers with tunable optical properties.
Silver nanoparticles of different shapes and sizes are chemically synthesized to be deposited in thin layers with a view to obtain transparent layers, which absorb light over a wide spectral range. The nanoparticles are deposited in thin layers into the polymer, soluble in water, nonabsorbing in the visible, and compatible with silver nanoparticles (see Fig. 4 ). The metallic nanoparticles are synthetized by wet chemistry resulting in colloidal solutions. The water-soluble and nanoparticle friendly polymer is directly added into the colloidal solution. The mixture is then deposited by spin coating on previously cleaned glass or silicon substrate in order to obtain homogeneous thin film layers. The polymer alone is nonabsorbing in the visible, therefore, the absorption of the thin film layer is only induced by the presence of the embedded nanoparticles. Fig. 4 Heterogeneous thin film layer under study.
Set of Optical Measurements

Objectives
In this section, we briefly describe the different optical characterization techniques, which can be used together in order to entirely define the optical properties of thin film layers. If we want to develop accurate models to confirm or to predict our measurements, we need to know the basic optical parameters, such as the optical index or the dielectric permittivity. These parameters can be linked to the absorption processes, and as we know from thin-film solar cells, they can vary strongly with the deposition method. Also, the range of optical response of the material (reflection, absorption, transmission) will be an important parameter for the design of the layer. All of these values can be obtained with a combination of spectroscopic ellipsometry (SE) measurements of the optical indices and spectrophotometric measurements of the R, T, and A (reflectance, transmittance, and absorption) spectra.
Obviously, to be quite precise, a complete study of a thin film layer should include at least structural techniques (e.g., electronic microscopy, x-ray scattering, ultraviolet photoelectron spectroscopy, and atomic force microscopy) and for thin film solar cells, electrical techniques (e.g., conductance measurements, Hall effect, and deep-level transient spectroscopy), which also contribute to improve the arrangement and make-up of the layers. For instance, a conductive atomic force microscopy with the possibility of realizing Kelvin probe AFM measurements in dark and under light bias of different wavelengths could help to understand the impact of the structure on both optical and electrical behaviors at the microscopic level.
In this paper, we focus our attention on optical measurements but we should keep in mind to consider electrical measurements to have a better understanding of the whole behavior of a material or a device.
Ellipsometry
The SE is an optical technique used for surface and thin film analysis. SE is a very efficient tool to determine the optical indices of bulk materials and materials in thin-film form (n and k). The ellipsometric measurements consist of measuring the change in polarization after reflection on a flat surface, and what we get are the two ellipsometric parameters (tan Ψ and cos Δ). These latter are thus extracted from the ratio between the Fresnel coefficients in p-polarization (rp) and in spolarization (rs), which can be formulated as follows:
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where tanðΨÞ ¼ jrpj∕jrsj represents the relative amplitude attenuation and Δ ¼ argðrpÞ − argðrsÞ is the phase shift between the p-and s-polarizations. A dispersion model is then elaborated to determine the dielectric constant of the materials (ε ¼ ε1 þ i Ã ε2). The absorption (A) of the layer is thus predicted due to a transfer matrix method (TMM) and using optical indices (n and k) extracted from variable angles of SE. Finally, A is compared to the A deduced from reflectance (R) and transmittance (T) measurements. For thin films of new materials, or thin films with nanoparticles, this study is very challenging because of the anisotropy of the layer and/or the surface roughness. To be sure of getting the correct indices, it is possible to use a twolayer model with a surface roughness correction using a Bruggeman EMA.
In addition, such a method is generally limited by the accurate calibration of the optical instruments. This could lead to important discrepancies between the measured absorption spectra and the predicted ones from the ellipsometric results assuming an isotropic model. The optical indices can thus serve as input parameters to model the optical performances of thin films, but are also of high interest for the extraction of information on the electronic properties of the materials. Indeed, SE is of high interest not only for nondestructive measurements of thicknesses and optical indices but also for nondestructive measurements of the electronic transitions in materials within thin-film stacks.
Photoluminescence and Photoreflectance
Photoluminescence (PL) and/or photoreflectance (PR) measurements are useful for studying the electronic levels inside the layers. In addition, the combination of PL technique with a PR technique can be employed for the analysis of the different layers of ultrathin devices and, in particular, the simultaneous determination of their fundamental transitions and related default.
PL spectroscopy provides information about the structure of each layer, e.g., analysis of optical transitions inside the band of the material. PL mapping also brings light into possible inhomogeneity related to the advanced structure of the devices. PL measurements can be performed at different temperatures, especially at low temperatures, and with different excitation wavelengths for the analysis of optical confinements and other optical phenomena related to the structure of the thin films. The PL technique investigates the emission of light from a solid due to the deviation of the system from the thermal equilibrium. It particularly relates to the deviation of the equilibrium via the absorption of light with energy higher than the bandgap of the material. The luminescence is due to both the relaxation of electrons to lower energy states and the simultaneous emission of photons. We have to notice that not all the possible relaxation processes will generate photons, since the transition should be dipole-allowed for a successful photon emission to occur. Among them, there is a set of different transitions that are possible to see in a semiconductor used in photovoltaics (these transitions are presented in Fig. 5 ). 15 For obtaining the bandgap of any semiconductor, the most precise technique is the PR. With this technique, we can also see interband transitions in the range of measurements. Indeed, from PR measurements, it is possible to analyze the band configuration at the interface by measuring the fundamental optical transitions. As the band structure of any semiconductor is very sensitive to modifications, such as diffusion or structural strains, this technique permits to detect possible interplaying of the cell structure with the basic properties of an absorber and thus, the performance of a solar cell. While PL is a technique used to study the interaction between the semiconductor and light and needs a minimal amount of material to provide an interpretable signal, reflectance-based techniques exploit the sudden variation of the optical indices at an interface. This means that they are much more sensitive to small quantities of material and can bring information on what is really happening at the interface between two different materials. PR belongs to the family of modulated reflectance techniques, such as electroreflectance or piezoreflectance. The main advantage of PR is that, as it uses an optical modulation, the whole setup is optics based and does not require any previous preparation of the sample for analysis, such as contact deposition.
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Optical Study of Heterogeneous Thin Films
In this last section, we proposed to show some examples of optical studies made on our samples, which have been presented in Sec. 3. Our objective is to highlight the accuracy of our measurements and the link, not only with the optical behavior of the material, but also with the structural properties of some of them and with the performances of the device. These results are not exhaustive, and the choices we made for this paper could be extended to a large panel of other structures.
Photoluminescence and Photoreflectance of Thin Film Solar Cells
As discussed in Sec. 3, the bandgap of the perovskite material is tunable between 1.57 and 2.3 eV, depending on the stoichiometry of the layer, which is of great interest for multijunction solar cells. Regardless of the deposition method of the perovskite, we must validate the energy gap depending on the composition of the layer, including the ratio I/Br. The combination between PL and PR measurements is a very powerful tool that provides an accurate measurement of the fundamental optical band gap of the semiconductor. Figure 6 (a) presents a study both by PL and PR of organometallic perovskites, CH 3 NH 3 PbCl x ðI y Br 1−y Þ 3−x , with different I/Br ratios. The dotted lines of the same color as the PL peak indicate the band gap position calculated from PR spectra. Figure 6 (b) presents a summary table with the PL peak positions, the PR bandgaps calculated from measurements, and the k values from the PL power dependence study for all the compositions. 19 While the PL peaks are all red shifted and very near to the pure iodine peak, the PR bandgap position follows the expected distribution. The values in the table show the differences between the PL maximum position and the PR bandgap. The reason for the shifting of the PL spectra is not yet clear. A discussion must be held on the PL measurements and on the transitions that occur in these samples. Some Raman spectra measurements could help us with this study and for the simultaneous analysis of their fundamental and defect related transitions.
A PR study on CIS solar cells is presented in Fig. 7 . These PR measurements can be performed to analyze the origin of the current density (J SC ) deviations in a set of CuInS 2 ∕CdS solar cells fabricated in the same nominal conditions and can be compared with structural and electrical characterizations. 20 For any CIS device, as it is shown in Fig. 7(a) , two fundamental transitions can be identified by means of PR. The transition E A corresponds to the band gap of the material, while E B is related to a transition between the conduction band and a split level of the valence band, so the difference of energy between both transitions corresponds to the energy splitting on the valence band. This feature is common in the chalcopyrite family, but in the particular case of CIS, both valence band levels overlap, thus the splitting observed in our samples has to be related to some strain within the CIS layer. In Fig. 7(b) , we can see that this study is expanded to several devices. In particular, we can observe that J sc follows a well-defined tendency with the energy split, where both valence band levels are overlapped for the highest J sc devices. Also, in Fig. 7(b) , the ratio between the A modes of the Cu-Au phase (CA) and the chalcopyrite phase (CH) of CIS is plotted as a function of the energy split. It becomes apparent that for minimizing E split and increasing J sc , a certain amount of CIS Cu-Au phase (CA) has to be present, leading to the conclusion that having small amounts of this defective phase helps to minimize the strain in the chalcopyrite phase CIS (CH), improving its transport properties. 
Ellipsometric Study of Thin Film
Here, we present different ellipsometric studies on different thin films. As presented before, this technique is an interesting tool to determine the thickness and the optical indices (n and k) of a layer. However, although the measurement is not so complicated, the model that is used for fitting the values can become quickly difficult in the case of particular materials or surfaces (rough or anisotropic).
The first example concerns a hybrid layer made of a blend between an inorganic semiconductor material and an organic material. In our case, we work on a BHJ in ZnO and P3HT [poly (3-hexylthiophene-2,5-diyl)] (ratio 2:1), which proposes bandgaps within the spectral range of the ellipsometer. The optical indices n and k, presented in Fig. 8(a) , are obtained using TaucLorentz models. 21 The values of the correlation coefficients of these fits indicate appropriate fits to the data. In this figure, the reflection [RðλÞ] and the transmission [TðλÞ] spectra for P3HT:ZnO (1:2) are also represented [ Fig. 8(b) ]. A comparison is made between these measurements and the optical simulations done by TMM using the optical indices presented before and the film thickness measured with a mechanical profilometer, as input parameters. We can see a good agreement between the calculated and the measured spectra, which demonstrates the reliability of these optical indices n and k to predict the real optical properties of the films.
Recently, a study has shown that a sum of Gaussian oscillators can be used to model the imaginary part of the dielectric function of organic semiconductors, such as PC 70 BM ([6,6]-phenyl-C71-butyric acid methyl ester).
14 In ellipsometric study, Gaussian oscillators, set from absorbance measurements, are used for the dispersion model elaboration, and specifically to model the absorption line shape for organic semiconductors. Due to its suitability to describe strong electron-phonon coupling in π-conjugated molecules, electronic transitions can be extracted from ellipsometric measurements for PC 70 BM in the UV-visible range. Figure 9 shows the imaginary part of the dielectric constant of PC 70 BM and some electronic transitions. We found a very good agreement between electronic transition values obtained from SE measurements and literature data. This demonstrates the reliability of the dispersion model and The last example presented in this section, is related to an optical study performed on a thin film of metallic nanoparticles embedded in polyvinyl pyrrolidone (PVP) polymer (thickness of 100 nm). The nanoparticles are in the shape of nanoprisms. The ellipsometric measurements on this kind of heterogeneous layer are not so easy, due to the dispersion of nanoparticles inside the polymer and also due to a possible roughness of the layer surface. Both the refractive index and the extinction coefficient are shown in Fig. 10(a) . The k coefficient presents a large peak at 700 nm with a broadening of 150 nm at width-half, which corresponds to the plasmonic resonance of the nanoprisms inside the polymer matrix. The TMM method is used to calculate the reflection of the layer from ellipsometric results. Figure 10(b) , showing the comparison between this calculation and our spectrophotometric measurement, allows us to be more confident about the optical indices found with our dispersion model. 
Photonic Crystals for Light Trapping in Organic Solar Cells
In order to control the light inside a solar cell, some photonic structures can be added to the device. Here, we present the possibility to introduce photonic crystals inside an OSC and to improve the absorption of the cell. This work is based on the modeling of the active layer under the shape of a photonic crystal slab. The structure modeled is presented in Fig. 11 and consists of a stack of thin film layers, plus a 2-D double patterning of the active layer. Finitedifference time-domain modeling has been used to calculate the photonic absorption spectra of two different structures, one planar and the other one with the photonic crystal slab. Figure 11 shows that the 2-D PC patterning boosts the absorption of the OSC for the TE polarization, due to a Bloch mode coupling with a peak at λ ¼ 704 nm. It would be necessary to design 3-D PC patterning to boost the absorption for TE and TM polarization at the same time.
Several modelings at different angles were also done, showing that it is possible to obtain multiple Bloch resonances in the case of a large incidence cone. And finally, an absorption gain of around 15%, with an 8-deg incident angle cone, using a PC was obtained. 7 
Color Predicting in Organic Solar Cells
The results presented in this part concern color and performance investigations of an OSC, with PTB7:PC70BM as the active layer. 21, 23 The objective is to design a solar cell with color specifications, still maintaining good performances, i.e., efficiency at the state of the art. This study is based on the classical architecture of an OSC [see Fig. 12(a) ], which is a stack of thin film layers. The whole structure is optimized in terms of the thickness of each layer, in order to control the interferential phenomena occurring in the multilayer stack. An ellipsometric study was done previously to obtain the optical indices of all the layers. First, we calculate the total number of photons absorbed inside the active layer under an AM1.5 illumination as functions of the ZnO layer thickness and of the active layer thickness. The color predictions shown in Fig. 12(b) are based on the sensitivity of the human eye, which is directly linked to the color perception process based on the CIE xyY.
Curves are drawn to present the different colors that can be obtained by varying the thicknesses of the ZnO layer and the PTB7:PC70BM layer. The different shapes (lines or curves) of the diagram correspond to different ZnO thicknesses (from 50 to 90 nm, by 10-nm step). At the end of these modeling results, three solar cells (green, G; yellow, Y; and blue, B) were experimentally realized with power conversion efficiencies of 6.73%, 7.10%, and 7.59%, respectively. The photograph images of the three solar cells, G, Y, and B, under different observation angles are presented near the chromaticity diagram. Finally, this work has shown the ability to control the color of the OSCs, while keeping a good efficiency.
Conclusion
Nowadays, the materials used in optoelectronic devices are quite complex, resulting in some difficulties to predict the optoelectronic behavior. In a first step, the knowledge of the optical properties of materials is necessary to design an optimized layer according to specific properties.
Through this paper, we tried to present the optical behavior of thin film layers, studied through a set of tools, both experimental and modeling. We choose different examples of optical studies, mixing measurement and modeling, to show the complementarity of different set-ups to obtain information on our structures. We also point out that these studies can be performed on different layers, either organic or inorganic, on photonic structures or even on layers including metallic nanoparticles. This is possible due to both precise modeling and precise measurements.
Ellipsometry, spectrophotometry, PL, and PR characterizations are powerful tools to get some important parameters of a material. The combination of these techniques can also bring more information. Obviously, the use of other techniques, not described here, allows more details about the complete behavior of a thin film. However, this is not sufficient if we want to be confident in our measurements and if we want to predict the optical behavior of our device. A complete modeling of the thin film layers, including the physics of the material, allows concluding or predicting their performances. A better knowledge on the light management in the "new thin films layers" is now possible by combining accurate measurements and precise modeling. The efficiency of solar cells made of CIGS, perovskite, P3HT:ZnO, and PC70BM can then be maximized; the color of solar cells can be designed; the optimal properties of PVP thin films containing metallic nanoparticles can be mastered. Miriam Carlberg has been a PhD candidate at AMU, France, since 2014. She studies experimental and numerical light matter interaction of different plasmonic nanoparticles in various media. She received her BS degree in physics from University of Luxembourg and her MS in material sciences from University of Grenoble, France.
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